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© Polymer/polyols, methods for making same and polyurethanes based thereon. 

@ This invention relates to normally liquid, stable polymer/ 
polyol compositions formed by polymerizing, in the pre- 
sence of a free radical catalyst, an ethylenically unsaturated 
monomer or monomers dissolved or dispersed in a polyol 
mixture including a coupled polyol consisting of the reaction 
product of a polyol having a functionality in excess of 2 
reacted with a polyisocyanate in such proportion that the 
ratio of hydroxy! groups to isocyanato groups is greater than 
1. In one embodiment, the coupled polyol is made in situ in 
the base polyol by addition thereto of the required amount of 
the polyisocyanate. The novel polymer/polyol compositions 
are convertible to polyurethane foams and elastomers. 
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BACKGROUND OF THE INVENTION 
This invention relates to polymer/polyol 
compositions and to polyuret hanes utilizing such 
compositions. 

5 Polymer/polyol compositions suitable for 

use in producing polyurethane foams, elastomers and 
the like are known materials. Such compositions can 
be produced by polymerizing one or more 
ethylenically unsaturated monomers dissolved or 

10 dispersed in a polyol in the presence of a free 

radical catalyst. These polymer/polyol compositions 
have the valuable property of imparting to, for 
example, polyurethane foams and elastomers produced 
therefrom, higher load-bearing properties than are 

15 provided by the corresponding unmodified polyols. 

There are a number of prior disclosures 
relating to production of polymer/polyol 
compositions. The basic patents in the field are 
Stamberger Re. 28,715 (reissue of U.S. 3,383,351) 

20 and Re. 29,118 (reissue of U.S. 3,304,273). Other 

prior disclosures include: British Patent No. 
1,126,025; Scharf et al. Canadian Patent No. 
735,010; Kuryla Canadian Patent No. 785,835; Pizzini 
et al. U.S. 3, 652,639; Pizzini et al. Re. 29, 0U 

25 (reissue of U.S. 3, 823,201 );- Patton, Jr., et al. 

U.S. 3,950,317; Ratr.low et al. U.S. 3^953,393: DeWald 
U.S. 3,655,553; Fabris et el. U.S. 3,850,861; Priest 
et al. U.S. 4,208,314; Simroth U.S. 4, 10*, 226; Shah 
U.S. 4,148,840; Shah U.S. 4,119,586; Shook et al. 

30 U.S. 4,172,825; Drake et al. U.S. 4,198,468; Preston 

et al. U.S. 4,198,488; Japanese Patent No. 
46-101494; and Japanese Patent No. 52-80919/75. 
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viscosity or f i 1 te r abi 1 i ty of polymer/polyols in 
actual commercial practice. However, the state of 
the art of polyurethane production has now advanced 
to the point where these considerations are very 
important in many applications. There is now much 
concern with f i 1 terabi 1 i ty , seediness, and 
viscosity;, and polymer/polyols must meet certain 
minimum requirements in order to be capable of being 
processed in the sophisticated foam equipment now 
used. Typically, the prime requirement is that the 
polymer/polyols possess sufficiently small particles 
so that filters, pumps and the like do not become 
plugged or fouled in relatively short periods of 
time. 

While somewhat simplified, the commercial 
processabi 1 ity of a particular polymer/polyol comes 
down to its viscosity and stability against phase 
separation. Lower viscosities are of substantial 
practical and economic significance due to the ease 
of pumping and metering as well as ease of mixing 
during the formation of polyuret hanes. Stability is 
a pr.ime consideration in insuring that the 
polymer/polyols can be processed in commercial 
production equipment without the necessity of 
additional mixing to insure homogeneity. 

In addition to the monomer ratio in 
acryloni tri le-styrene polymer/polyols, other 
recognized factors that affect product stability 
include polyol molecular weight and polymer content. 

In producing polymer/polyols for use in 
certain polyurethane elastomer applications, 
relatively low molecular weight polyols are 
typically utilized to provide -the requisite product 
stiffness. However, it has been found that it is 
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molecular weight and a monomer mixture having a 
ratio of acrylonitri le to styrene within a certain 
range are used. The Simroth patent also highlights 
the fact that satisfactory product stability is not 
obtained when many combinations of otherwise 
desirable composition parameters are used. 

U.S. Patent No. 4,172.825 to Shook et al. 
discloses further improvements in the formation of 
polymer/polyols. As discussed therein, 
polymer/polyol compositions exhibiting outstanding 
properties can be made by utilizing a specific type 
of peroxide catalyst, namely t-alkyl peroxyester 
catalysts. By utilizing this specific type of 
catalyst, polymer/polyol s can be produced on a 
commercial basis which have outstanding properties, 
such as f i 1 terabi 1 i ty in processing, yet which allow 
either the polymer or the styrene content to be 
increased. Also, polymer/polyols can be produced on 
a commercial scale with polyols having a molecular 
weight lower than had been used prior to this 
invention. 

A further improvement in the formation of 
polymer/polyols is provided by U.S. Patent No. 
4,148,840 to Shah, which discloses a process for 
producing highly stable and filterable 
polymer/polyol compositions by polymerizing the 
monomeror monomers in situ in a polyol mixture that 
includes a minor amount of preformed polymer/polyol. 

Yet another improvement is disclosed in 
U.S. Patent No. 4,119,586 to Shah, which discloses a 
process for producing highly stable polymer/polyol 
compositions by polymerizing the monomer or monomers 
in situ in e polyol mixture that includes a major 
amount of a low molecular weight polyol and a minor 
amount of high molecular weight polyol. 
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form a polyal kylene oxide. The examples set forth 
include dibasic acids or their derivatives, such as 
maleic acid. The polyol polymerization medium 
contains one mole of unsaturation per mole of polyol. 
U.S. Patent No. 3,652,639 likewise 
5 discloses the in situ polymerization of ethylenically 

unsaturated monomers in an ethylenically unsaturated 
polyol medium. The unsaturated polyols of this 
patent are produced in a manner similar to those of 
U.S. Patent No. 3,823,201, as will be discussed 
10 hereinafter, except that the level of unsaturation 

is higher, being on the order of 1 to 3 moles of 
unsaturation per mole of polyol. 

U.S. Patent No. 3,823,201 discloses a 
method of preparing a polymer/polyol by the in situ 
15 polymerization of ethylenically unsaturated monomers 

in a polyol having from 0.1 to 0.7 mole of 
unsaturation per mole of polyol. Unsaturation at 
the levels set forth in the U.S. Patent No. 
3,652,639 patent were indicated as imparting 
20 unnecessarily high viscosities to the resulting 

polymer/polyols. The unsaturation level that is 
added can be introduced into the polyol by, for 
example, reacting it with an ethylenically 
unsaturated compound that is capable of adding to 
25 the polyol by reaction with the hydroxy! group, such 

as maleic anhydride. The polymer/polyols disclosed 
in U.S. Patent No. 3,823,201 are asserted to be 
highly stable due to the presence of the stabilizing 
species which is formed via the grafting of vinyl 
30 polymer chain segments to the unsaturated polyol 

molecules. Certain improvements in polyuret hanes 
using such polymer/polyols are likewise asserted. 
More particularly, it is stated that such 
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Japanese Patent No. 48-101494 discloses in 
situ polymerization of et hy lenical ly unsaturated 
monomers in modified polyether polyols obtained by 
reacting a polyether polyol first with an unsaturated 
dicarboxylic acid anhydride in an amount more than 
0.2 mole per mole of polyol, and then with an epoxy 
compound, preferably an alkylene oxide, in an amount 
of preferably 1.1 to 1.5 moles per mole of 
unsaturated dicarboxylic acid anhydride. 

A further approach to production of 
polymer/polyols is disclosed in U.S. Patent No. 
4,198,488 to Drake et al. In the process disclosed 
in this patent, the monomer mixture that is 
polymerized in the polyol includes a minor amount of 
an et hylenically unsaturated dicarboxylic acid 
anhydride. It was theorized that some graft 
copolymer is produced when a portion of the 
dicarboxylic acid anhydride units that have 
polymerized into the polymer undergo a reaction with 
the hydroxyl groups of the polyol. And it was 
further theorized that the graft copolymer formed in 
this way acts asa stabilizer for the polymer 
di spersion. 

While many of the above techniques have 
provided improved and beneficial results, there are 
certain cases where none of these techniques have 
provided- products which were entirely satisfactory. 
Thus, for example, in some situations, the use of 
the blended base polyol approach results in an undue 
lowering of the hydroxyl number of the blend with a 
resultant adverse effect upon foam performance. 
Other approaches, while generally satisfactory, are 
too expensive for many commercial applications, too 
complicated, result in color and odor problems or 
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Coupled polyols are utilized for many 
applications. For example, U.S. Patent No. 
4,072,704 provides products useful as surfactants 
made from individual blocks of polymers and 
copolymers of alkylene oxides by reacting these with 

5 • Afunctional compounds. U.S. Patent No. 4,061,684 
suggests the preparation of highly branched 
polyether polyols of high molecular weight by 
coupling an alkoxylated polyglycerol by reacting the 
sodium alcoholate of the oxyalkylated polyglycerol 

10 with, for example, a dlbenzene sulfo-ester of a diol 
containing 2 to 6 carbon atoms. The resulting 
products are viscous, resinous materials, suitable 
for use as hydrophilic, water-swel 1 abl e gels, and 
the like. U.S. Patent No. 4,113,785 concerns the 

15 preparation of polyoxyalkylene polyols by reacting 
polyether bis-alcoholates with selected b1s- 
epoxldes, to obtain products of higher molecular 
weight than can be prepared using a direct 
oxyalkyl ation reaction. 

20 st111 further, the utilization of various 

isocyanates as coupling agents for various polyol, 
or polyol-type materials, has been suggested. U.S. 
Patent No. 2,946,767 thus suggests the reaction of a 
polyisocyanate, especially a di isocyanate, with an 

25 addition product having a molecular weight of at 

least 1000 of an alkylene oxide, especially ethylene 
oxide, with a compound which contains at least 8 
carbon atoms and contains only one hydrogen atom 
capable of reacting with an alkylene' oxide, e.g. - a 

30 monoalcohol such as dodecanol. The reaction 

products are surface-active and are stated to be 
valuable assistants for the production of dispersed 
systems, such as emulsions or suspensions. 
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resulting solvatable portion is then reacted with 
the monomer or monomers forming the anchor portion 
to provide the preformed stabilizer* It is stated 
that it is preferred that the propylene oxide 
material be monof unctional , although difunctional 
materials are satisfactory. The use of tri- or 
higher functionality materials, it is noted, should 
be avoided as extensive cross-linking has been found 
to occur. 

It is accordingly an object of the present 
invention to provide polymer/polyol s characterized 
by satisfactory stability which could not be readily 
made by prior techniques. 

A further object provides a process for 
making such polymer/polyol s that is relatively 
straight forward and does not require significant 
economic penalties as compared with currently known 
techniques. 

Yet another and more specific object of 
this invention is to provide a technique for 
preparing such polymer/polyols capable of conversion 
to polyuret hanes without imparting thereto 
undesirable effects upon the physical properties. 

A still further object of the present 
invention is to provide a virtually scorch-free, 
relatively low density, polyurethane slab-stock foam 
made from a vinyl polymer, polymer/polyol. 

Other objects of this invention will be 
apparent from the description set forth hereinafter. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 
The exact polyol, or blend or mixture, 
employed as the base polyol depends upon the end-use 
of the polyurethane product to be produced. For, 

5 example, when foams are prepared, the molecular 

weight or the hydroxyl number is selected to result 
in flexible or semi-flexible foams. The polyols in 
this instance preferably possess a hydroxyl number 
of from about 50 to about 150 for semi -f lex i ble 

10 foams and from* about 25 to about 70 for flexible 

foams. As a further example, for elastomer 
applications, it will generally be desirable to 
utilize relatively high molecular weight base 
polyols having relatively low hydroxyl numbers, 

15 e.g., 25 to 50 or so. Such limits are not intended 

to be restrictive, but are merely illustrative of 
the large number of possible combinations for the 
polyol or polyols used. 

The hydroxyl number is defined as the 

20 number of milligrams of potassium hydroxide required 

for the complete hydrolysis of the fully phthalated 
derivative prepared from 1 gram of polyol. The 
hydroxyl number can also be defined by the equation: 

25 OH = (56.1 x 1000 x f)/m.w. 

where 

OH * hydroxyl number of the polyol 
f * functionality, that is, average number of 
hydroxyl groups per molecule of polyol 
30 ni.w. * number average molecular weight of the polyol 

The most preferred base polyols employed in 
this invention include the poly(oxypropylene) 
polyols. Generally, the nominal functionality of 
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(b) Alkylene oxide adducts of non-reducing 
sugars and sugar derivatives; 

(c) Alkylene oxide adducts of phosphorus 
and polyphosphorus acids; 

(d) Alkylene oxide adducts thereof of 
5 polyphenols; 

(e) The polyols from natural oils such as 
castor oil, and the like. 

Illustrative alkylene oxide adducts of 
polyhydroxyalkanes include, among others, the 

10 alkylene oxide adducts of 1 , 3-di hydroxypropa'ne, 

1,3-dihydroxybutane, 1 , 4-di hydroxybutane, 1,4-, 1,5- 
and 1,6-dihydroxyhexane, 1,2-, 1,3-, 1,4-, 1,6-, and 
1,8-di hydroxyoctane, 1 , 1 O-di hydroxydecane, glycerol, 
1, 2, 4-tri hydroxybutane, 1 ,2, 6-tri hydroxy hexane, 

15 1, 1> 1-trimethy lol ethane, 1, 1 , 1-trimethy lolpropane, 

pentaerythritol , caprol actone, polycaprolactone, 
sylitol, arabitol, sorbitol, mannitol, and the like. 

A further class of polyols which can be 
employed are the alkylene oxide adducts of the 

2o non-reducing sugars, wherein the alkylene oxides 

have from 2 to 4 carbon atoms. Among the 
non-reducing sugars and sugar derivatives 
contemplated are sucrose, alkyl glycosides such as 
methyl glucoside, ethyl glucoside, and the like, 

25 glycol glycosides such as ethylene glycol glucoside, 

propylene glycol glycoside, glycerol glucoside, 
1, 2,6-hexanetriol glucoside, and the like, as well 
as the alkylene oxide adducts of the alkyl 
glycosides as set forth in U.S. Patent No. 3,073,788. 

30 A still further useful class of polyols is 

the polyphenols, and preferably the alkylene oxide 
adducts thereof wherein the alkylene oxides have 
from 2 to 4 carbon atoms. Among the polyphenols 
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(b) Alkylene oxide adducts of non-reducing 
sugars and sugar derivatives; 

(c) Alkylene oxide adducts of phosphorus 
and polyphosphorus acids; 

(d) Alkylene oxide adducts thereof of 
5 polyphenols; 

(e) The polyols from natural oils such as 
castor oil, and the like. 

Illustrative alkylene oxide adducts of 
polyhydroxyalkanes include, among others, the 

10 alkylene oxide adducts of 1,3-di hydroxypropa'ne, 

1,3-dihydroxybutane, 1 , 4-di hydroxybutane , 1,4-, 1,5- 
and 1,6-dihydroxyhexane, 1,2-, 1,3-, 1,4-, 1,6-, and 
1,8-dihydroxyoctane, 1 , 1 O-di hydroxydecane, glycerol, 
1, 2, 4-tri hydroxybutane, 1 ,2, 6-tri hydroxy hex ane, 

15 1, 1, l-tr1methylolethane, 1, 1 , 1-trimet hy lolpropane, 

pentaerythritol, caprolactone, polycaprolactone, 
sylitol, arabitol, sorbitol, inannitol, and the like. 

A further class of polyols which can be 
employed are the alkylene oxide adducts of the 

2o non-reducing sugars, wherein the alkylene oxides 

have from 2 to 4 carbon atoms. Among the 
non-reducing sugars and sugar derivatives 
contemplated are sucrose, alkyl glycosides such as 
methyl glucoside, ethyl glucoside, and the like, 

25 glycol glycosides such as ethylene glycol glucoside, 

propylene glycol glycoside, glycerol glucoside, 
1,2,6-hexanetriol glucoside, and the like, as well 
as the alkylene oxide adducts of the alkyl 
glycosides as set forth in U.S. Patent No. 3,073,788. 

30 A sti11 further useful class of polyols is 

the polyphenols, and preferably the alkylene oxide 
adducts thereof wherein the alkylene oxides have 
from 2 to 4 carbon atoms. Among the polyphenols 
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are therefore made utilizing polyols having a 
functionality in excess of 2.0. Preferably, the 
polyol employed has an average functionality in the 
range of about 2.5 to 4 or so, to provide urethane 
products with satisfactory physical properties, more 
preferably, a nominal trio! is utilized. 

It should be appreciated that, as with the 
base polyol, a blend or mixture of more than one 
polyol could be utilized, 1f desired, to form the 
coupled polyol. 

Any of the known poly i socyanates utilized 
for forming polyuret hanes may be employed in forming 
the coupled polypi. Toluene diisocyanate has been 
employed and allows preparation of the coupled 
polyol by a facile synthesis and may be preferred 
due to its commercial availability and price. Other 
polyisocyanates which have been satisfactorily 
utilized are: hexamet hylene diisocyanate, methylene 
bis(4-cyclohexyl isocyanate) and MOI, diphenyl 
methane 4,4' -diisocyanate. Polymeric isocyanates 
having a functionality in-excess of 2 such as, for 
example, polymeric MDI, should likewise be 
satisfactory. 

The coupled polyols may be made either in 
situ as previously described, or separately and then 
blended with the base polyol. When in situ 
preparation is utilized, the herein described 
advantages will be obtained. However, as is 
apparent, the polyol constituent will comprise those 
molecules of the base polyol coupled to the 
polyisocyanate employed. This will be quite 
satisfactory for many applications; however, there 
may be situations where it is desirable to utilize a 
polyol or polyols different from the base polyol for 
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the coupled polyol. In those situations, the 
coupled polyol is prepared separately. For example, 
separate preparation of the coupled polyol allows 
synthesis of higher molecular weight products than 
can be achieved with the in situ technique- Such 
higher molecular weight coupled polyols tend to be 
more effective in conferring stability to 
polymer/polyols. A penalty of increased viscosity 
will, however, be involved. The preparation 
technique utilized may then accordingly represent a 
balance between the effectiveness desired and the 
viscosity which can be tolerated. 

In either technique, the synthesis of the 
coupled polyol may be carried out, for example, by 
feeding the polyisocyanate to the polyol which is 
being agitated and held at slightly elevated 
temperatures in the range of about 60° to 90°C under 
an inert atmosphere, such as nitrogen. Optionally, 
before or after completion of the feeding of the 
polyisocyanate, a catalyst such as 

dibutyltindilaurate can be added (e.g. - 20 p. p.m.), 
and the temperature held at the temperature of the 
agitated polyol until the product viscosity 
stabilizes. A period of about 2 to A hours will 
generally be satisfactory. Other known catalysts 
for the reaction of an isocyanate with a polyol may 
be utilized, but it is preferred to use a catalyst 
that will not be adversely affected by materials 
such as a peroxide which might be present in the 
polyol utilized. 

It will generally be desirable to utilize 
as great an excess of polyol in relation to the 
polyisocyanate as is possible, so as to minimize 
viscosity. In addition, to avoid the presence of 
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free isocyanato groups, the polyol should be present 
in an amount sufficient to provide an excess of 
hydroxyl groups. Moreover, viscosity considerations 
are involved. Mole ratios of polyol to 
polyi socyanate of at least 2:1 are accordingly 

5 preferred. This will provide a ratio of hydroxyl to 

isocyanato groups (with the functionalities of the 
polyol and isocyanate used) of about 2:1 to 3:1 in 
most instances. However, when formed separately, 
mole ratios as low as 3:2 or 4:3 may be employed to 

10 form relatively higher molecular weight coupled 

polyols. The limiting mole ratio will generally be 
determined by the viscosity level which can be 
tolerated. 

Conceptually, the monomers used in 

15 preparing the polymer/polyols of this invention can 
comprise any et hylenical ly unsaturated monomer or 
monomers. A variety of monomers are disclosed in 
the prior patents relating to polymer/polyols 
previously referred to. The selection of the 

20 monomer or monomers used will depend on 

considerations such as the relative cost of the 
monomers and the product characteristics required 
for the intended application. 

The preferred monomer mixture used to make 
25 the polymer portion of the polymer/polyol 

compositions of this invention is a mixture of 
acrylonitrile and styrene. The relative weight 
proportions of acrylonitrile to styrene can range 
from about 80:20 to about 20:80. When it is desired 
30 to utilize higher polymer contents, useful ratios 
will tend towards higher acrylonitrile contents, 
e.g. - 80:20 to 50:50, more preferably, 80:20 to 
70:30 for maximized polymer contents. For reduced 
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scorch applications, it will generally be desirable 
to utilize ratios of 50:50 to 20:80, more preferably 
40:60 or lower. However, when utilizing the present 
invention, stable polymer/polyols with relatively 
high polymer contents (e.g. - in excess of 30 weight 
5 percent or so) can be prepared, even with 

acrylonitrile to styrene ratios as low as 40:60 or 
so. To prepare virtually scorch-free, slab-stock 

28 kg/mo 

foams of densities of 1 . TS pounds per cubic foot or 
lower, it is preferred to utilize a ratio of about 
10 30:70 or lower. 

It may be desirable in some applications to 
utilize, with acrylonitrile, a comonomer other than 
styrene. Representative examples of suitable 
comonomers include methyl met hacryl ate, vinyl 
15 chloride and vinylidene chloride. 

The polymer content of the polymer/polyol 
can vary within wide limits, depending upon the 
requirements of the anticipated end use application. 
It will usually be desirable to form the 
20 polymer/polyols with as high a polymer content as 

will provide the desired viscosity and stability 
properties. In general, this will vary from about 
10 to about 50 percent, based upon the weight of the 
polymer/polyol. Lower polymer contents may, of 
25 course, be utilized; however, there is typically no 

incentive to use monomer amounts which will result 
in polymer contents lower than about 10 percent by 
weight because of the lower conversions and the 
economic penalty due to the increased throughput 
30 involved. On the other hand, it will generally be 

undesirable to utilize polymer contents in excess of 
about 40 percent by weight or so. While useful 
polymer/polyols with higher polymer contents 
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certainly can be made, such polymer/polyol s may 
possess viscosity and stability characteristics 
which are commercially undesirable. 

The polyol content of the polymer/polyol 
varies from about 50 to about 90 percent, based upon 
5 the weight of the polymer/polyol. The relative 

amount of the coupled polyol utilized will depend 
upon the parameters involved, viz. - the relative 
amount of polymer, the particular monomer or 
monomers used, the molecular weight of the base 

10 polyol and the polymer/polyol stability 

characteristics required. Functionally, the coupled 
polyol should be present in an amount sufficient to 
provide the desired polymer/polyol stability 
characteristics. In general, the amount required to 

15 accomplish such characteristics will increase with 

increasing polymer contents and decreasing 
acryloni tri lerstyrene monomer ratios and base polyol 
molecular weight. It should be suitable to satisfy 
most situations by including the coupled polyol in 

20 an amount in the range of from about 5 to about 50 

percent, based upon the total weight of the base 
polyol and a 2:1 mole ratio of polyol to 
polyisocyanate. If a polyol to poly i socyanate ratio 
in excess of 2:1 is employed, the weight of such 

25 reaction product should be increased accordingly. 

For example, if a ratio of 4:1 is used, it would be 
expected that, on the average, 50* of the polyol 
molecules would be unreacted and the other SOi would 
appear as 2:1 coupled polyols. On the other hand, 
if a ratio of less than 2:1 is utilized, the 

30 molecular weight of the coupled polyol will be 
higher; and the amount of such reaction product 
required for effective stabilization should be 
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somewhat reduced. The description herein is 
predicated on the functionality of the 
polyisocyanate being 2, viz- - 2 polyol molecules 
being coupled to one diisocyanate molecule. If a 
higher functionality polyisocyanate is used (e.g. - 
a polymeric isocyanate), the average molecular 
weight of the resulting coupled polyol will be 
somewhat higher requiring an adjustment in the 
amount of coupled polyol needed. 

The polymer/polyols of this invention are 
produced by polymerizing the monomer system used in 
the presence of a free radical catalyst in the 
polyol mixture of the base and coupled polyols. The 
polymerization can also be carried out with an inert 
organic solvent present that does not dissolve the 
polymer. Illustrative of such solvents are xylol, 
toluene, benzene, acetonitri le, ethyl acetate, 
hexane, heptane, dicyclohexane, dioxane, acetone, 
N,N-dimethylf ormamide, N,N-dimet hyl acet ami de , and 
the like, including those known in the art as being 
suitable solvents for the polymerization of vinyl 
monomers. The only requirement in the selection of 
the solvent and the polyol is that they do not 
interfere wit.h the polymerization reaction. When an 
inert organic solvent is used, it is generally 
removed from the reaction mixture by conventional 
means before the polymer/polyol is used to produce 
polyurethane foams. 

The polymer/polyols of the present 
invention are preferably produced utilizing the 
process set forth in the previously identified 
Priest et al. patent. In accordance with that 
process, a low monomer-to-polyol ratio is maintained 
throughout the reaction mixture during the process. 
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This is achieved by employing process conditions 
that provide rapid conversion of monomer to polymer. 
In practice, a low monomer-to-polyol ratio 1$ 
maintained, in the case of semi-batch and continuous 
operation, by control of the temperature and mixing 

5 - conditions and, in the case of semi-batch operation, 

also by slowly adding the monomers to the polyol. 

The temperature range is not critical and 
may vary from about 100°C to about 150°C, or perhaps 
greater, the preferred range being from 115°C to 

10 135°C. As has been noted herein, the catalyst and 

temperature should be selected so that the catalyst 
has a reasonable rate of decomposition with respect 
to the hold-up time in the reactor for a continuous 
flow reactor or the feed time for a semi-batch 

15 reactor. 

Catalysts useful in producing the 
polymer/polyol compositions of this invention are 
the free radical type of vinyl polymerization 
catalysts such as the peroxides, percarbonates and 

20 the azo compounds or any other suitable catalyst 

specified in the above-mentioned patents. Azo 
catalysts such as azobis (isobutyronitri le) are the 
preferred catalysts. 

The catalyst concentration is not critical 

25 in most applications and can be varied within wide 

limits. As a representative range, the 
concentration can vary from about 0.1 to about 5.0 
weight percent, based upon the total feed to the 
reactor. Up to a certain point, increases in the 

30 catalyst concentration result in increased monomer 

conversion but further increases do not substantially 
increase conversion. Conversions of monomers to 
polymers which can be typically achieved are on the 
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order of 85 to 95% of the monomer charged. On the 
other hand, increasing catalyst concentration 
increasingly improves product stability. The 
catalyst concentration selected will usually be an 
optimum value considering all factors, including 
costs. 

The mixing conditions employed are those 
attained using a back mixed reactor (e.g. - a 
stirred flask or stirred autoclave). Reactors of 
this type keep the reaction mixture relatively 
homogeneous and so prevent localized high monomer-to- 
polyol ratios. 

The utilization of the Priest et al. 
process is preferred since this allows the 
preparation of polymer/polyols with a wide range of 
monomer compositions, polymer contents, and base 
polyol that could not be otherwise prepared with the 
necessary requisite stability. However, whether the 
utilization of the Priest et al. process is 
essential depends upon whether the process 
parameters are such that a satisfactory 
polymer/polyol can be prepared without using this 
process. 

In addition, it should be appreciated that 
other of the previously mentioned prior techniques 
can be utilized in forming the polymer/polyols so 
long as the required product characteristics are 
not, of course, adversely affected to any 
significant extent. For example, there may be 
particular situations where it would be desirable to 
incorporate added unsaturation to the base polyol, 
such as by the addition of a minor amount of a 
glycidyl ether, such as allyl glycidyl ether, or by 
utilizing a more reactive double bond. 
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The p lymer/polyols produced in accordance 
with this invention are characterized by highly 
desirable stability characteristics. The filtration 
and centrif ugibility performance is indicative of 
such stability. The filtration characteristics are 

5 determined by passing a sample of the polymer/polyol 

by gravity, through, successively, two wire 
screens. The most stable polymer/polyol s will pass 
completely through such screens (i.e., over 99 
weight percent), and this type of performance is 

10 preferred. It may be suitable, however, in some 

applications to provide filtration performance down 
to 50% or even somewhat less. 

Stability is also confirmed by the amount 
of material (cake) which is thrown down from samples 

15 placed in laboratory centrifuges. This is, in 

effect, an accelerated settling test, primarily, 
indicative of storage stability. In general, the 
lower the amount of centrif ugible solids obtained, 
the more stable is the polymer/polyol. 

20 From the functional standpoint, suitable 

polymer/polyols must be capable of: (1) being made, 
(2) stored, (3) shipped and (4) used without undue 
loss of polymer content or damage or fouling of the 
equipment 1n which it is made and handled. If a 

25 polymer/polyol meets these functional criteria, it 

is considered satisfactorily stable. 

The present invention also provides a 
method for producing polyurethane products by 
reacting: (a) a polymer/polyol composition of this 

30 Invention, (b) an organic polyi socyanate , and (c) a 

catalyst for the reaction of (a) and (b) to produce 
the polyurethane product, and, when a foam is being 
prepared, a blowing agent and a foam stabilizer. 
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The reaction and foaming operations can be performed 
in any suitable manner, preferably by the one-shot 
techni que. 

The polymer/polyol may, if desired, be 
blended with conventional polyols or the like to 
5 reduce the polymer content to the level required for 

the particular end use application. Blends in which 
the resulting polymer content is as low as 4 percent 
of the total weight of the blend or even less are 
useful . 

10 The organic polyi socyanates that are useful 

in producing polyurethane products in accordance 
with this invention are organic compounds that 
contain at least two isocyanate groups. Such 
compounds are well known in the art. Suitable 
15 organic polyi socyanates include the hydrocarbon 

diisocyanates, (e.g., the alkylene di isocyanates and 
the arylene diisocyanates) as well as known 
triisocyanates. As examples of suitable 
polyisocyanates, one can mention methylene 
20 bis(4-cyclohexyl isocyanate), MDI, polymeric MDI, 

1,2-di isocyanatoet hane, 1 , 3-d i i socy anatoprop ane, 
1 , 2-di i socyanatopropane, 1 , 4-di i socy anatobut ane , 
1 , 5-diisocyanatopentane, 1 , 6-di i socyanatohex ane, 
bis( 3-isocyanatopropyl)ether, bi s( 3- i socyanatopropyl ) 
25 sulfide, 1,7-dii s ocy an at o heptane , 1 , 5-di i socy an at o- 

2, 2-d i methyl pent ane, 1 , 6-di i socyanato-3- 
methoxyhexane, 1 , 8-di i socyanatooctane, 
1, 5-di isocyanato-2, 2, 4-tri methyl pent ane, 
l,S-di isocyanatononane, 1 , 1 0-d i i socy anatop ropy 1 ) 
30 ether of 1,4-butylene glycol, 1 , 1 1-di i socy anatounde- 
cane, 1 , 12-di i socyanatododecane bis( i socyanatohexyl ) 
sulfide, 1 , 4-di i socyanatobenzene, 2, 4-di i socy anato- 
toluene, 2, 6-di i socyanato tolylene, 1 , 3-diisocyanato- 
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o-xylene, 1 ,3-di isocyanato-m-xylene, 
1, 3-d i i socyan at o-£- xylene, 2,4-di i socyanato- 1 - 
chlorobenzene, 2, 4-diisocyanato-1-nitro benzene, and 
2, 5-di i socyanato- 1-nitrobenzene and mixtures thereof. 

Any known catalysts useful in producing 
polyurethanes may be employed. Representative 
catalysts include: (a) tertiary amines such as 
bi s( dimethyl ami noet hy 1 ) ether, trimethyl amine, 
tri ethyl amine, N-methylmorp hoi i ne, 
N-et hylmorpholine, N,N-di methyl benzyl amine, 
N,N-dimethy let hanol amine, N,N,N 1 ,N 1 -tetramet hyl- 

1. 3- butanedi amine, tri et hanol amine, 

1 .4- diazabicyclo[2.2,2]octane, pyridine oxide and 
the like; (b) tertiary phosphines such as 
trialkylphosphines, di al ky 1 benzy Ip hosp hi nes, and the 
like; (c) strong bases such as alkali and alkaline 
earth metal hydroxides, alkoxides, and phenoxides; 
(d) acidic metal salts of strong acids such as 
ferric chloride, stannic chloride, stannous 
chloride, antimony trichloride, bismuth nitrate and 
chloride, and the like; (e) chelates of various 
metals such as those which can be obtained from 
acetyl acetone , benzoyl acetone , trif luoro acetyl - 
acetone, ethyl acetoacetate , sal icy 1 al de hyde , 
cyclopentanone-2-carboxyl ate, acetyl - acetone imi ne, 
bi s- acetyl acetone- alky lene-di imi nes, 
salicyValdehydeimine, and the like, with the various 
metals such as Be, Mg, Zn, Cd, Pb, Ti, Zr, Sn, As, 
Bi, Cr, Mo, Mn, Fe, Co, Ni, or such ions as Mo0 2 ++, 
U0 2 ++, and the like; (f) alcoholates and 
phenolates of various metals such as Ti(0R) 4 , 
Sn(0R) 4 , Sn(0R) 2 , A1(0R) 3 , and the like, 

wherein R is al ky 1 or aryl, and the reaction 
products of alcoholates with carboxylic acids, 
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betadiketones, and 2- ( N , N-d i al ky 1 ami no) al kanol s , 
such as the well known chelates of titanium obtained 
by said or equivalent procedures; (g) salts of 
organic acids with a variety of metals such as 
alkali metals, alkaline earth metals, Al, Sn, Pb, 
Mn, Co, Ni, and Cu, including, for example, sodium 
acetate, potassium laurate, calcium hexanoate, 
stannous acetate, stannous octoate, stannous oleate, 
lead octoate, metallic driers such as manganese and 
cobalt naphthenate, and the like; ( h) organometal lie 
derivatives of tetravalent tin, trivalent and 
pentavalent As, Sb, and Bi, and metal carbonyls of 
iron and cobalt. 

Among the organotin compounds that deserve 
particular mention are dialkyltin salts of 
carboxylic acids, e.g. dibutyltin diacetate, 
dibutyltin dilaurate, dibutyltin maleate, 
dilauryltin diacetate, dioctyltin diacetate, 
di butyl tin-b i s(4-met hyl ami nobenzo ate) , dibutyltin- 
bis(6-methylaminocaproate), and the like. Similarly, 
there may be used a trialkyltin hydroxide, 
dialkyltin oxide, dialkyltin dialkoxide, or 
dialkyltin dichloride. Examples of these compounds 
include trimethyltin hydroxide, tributyltin 
hydroxide, trioctyltin hydroxide, dibutyltin oxide, 
dioctyltin oxide, dilauryltin oxide, d i butyl t i n-bi s 
( isopropoxi de) , d i butyl ti n-bi s ( 2-di met hyl ami no- 
pentylate), dibutyltin dichloride, dioctyltin 
dichloride, and the like. 

The tertiary amines may be used as primary 
catalysts for accelerating the reactive hydrogen/ 
isocyanate reaction or as secondary catalysts in 
combination with one or more of the above noted 
metal catalyst. Metal catalysts, or combinations of 
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metal catalysts, may also be employed as the 
accelerating agents, without the use of amines. The 
catalysts are employed in small amounts, for 
example, from about 0,001 percent to about 5 
percent, based on the weight of the reaction mixture. 

5 When the product being formed is a 

polyurethane foam, this may be accomplished by 
employing a small amount of a polyurethane blowing 
agent, such as water, in the reaction mixture (for 
example, from about 0.5 to about 5 weight percent of 

10 water, based upon total weight of the polymer/polyol 

composition), or through the use of blowing agents 
which are vaporized by the exotherm of the reaction, 
-or by a combination of the two methods. 
Illustrative polyurethane blowing agents include 

15 halogenated hydrocarbons such as trie hi oromonof 1 uoro- 

methane, dichlorodif luoromet hane, die hloromonof luoro- 
methane, dichloromet hane, trichloromet hane, 1,1- 
dichloro-l-f luoroet hane, 1 , 1 ,2-trichloro-l , 2, 2- 
trif luoromet hane, hexaf 1 uorocyclobutane, 

20 octaf luorocyclobutane, and the like. Another class 
of blowing agents include thermally unstable 
compounds which liberate gases upon heating, such as 
N,N 1 -dimet hyl-N, N • -d i n i trosoterep ht ha 1 ami de , and the 
like. The generally preferred method of foaming for 

25 producing flexible foams is the use of water or a 

combination of water plus a fluorocarbon blowing 
agent such as trichloromonof luoromethane. The 
quantity of blowing agent employed will vary with 
factors such as the density desired in the foamed 

30 product. 

The anti-scorch properties of the foams 
produced using polymer/polyol compositions are most 
evident when at least some of the blowing agent is 
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water and the water is used in an amount that 3 

results in a foam having a density less than 

pounds per cubic foot. Generally, the use of water 
in an amount of at least 3.0 percent by weight based 
on the total weight of the polymer/polyol 

.composition results in a foam having a density of 
less than 1.7£p pounds per cubic foot. 

It is also within the scope of the 
invention to employ small amounts, e.g., about 0.001 
percent to 5.0 percent by weight, based on the total 
reaction mixture, of a foam stabilizer such as a 
•hydrolyzable" polysi loxane-polyoxyalkylene block 
copolymer such as the block copolymers described in 
the U.S. Patents 2,834,748 and 2,917,480. Another 
useful class of foam stabilizers are the 
-non- hydro lyzable" polysi loxane-polyoxyalkylene 
block copolymers such as the block copolymers 
described in U.S. Patent 3,505,377; U.S. Patent 
application 888,067, filed December 24, 1969 and 
British Patent Specification 1,220,471. The latter 
class of copolymers differs from the above mentioned 
polysiloxane-polyoxyalkylene block copolymers in 
that the polysiloxane moiety is bonded to the 
polyoxyal kylene moiety through direct 
carbon-to-silicon bonds, rather than through 
carbon-to-oxygen-to-s i 1 icon bonds. These various 
polysi Voxane-polyoxyal kylene block copolymers 
preferably contain from 5 to 50 weight percent of 
polysiloxane polymer with the remainder being 
polyoxyalkylene polymer. 

The polyurethanes so produced may be 
utilized in foam and elastomer applications where 
any conventional type of polyurethane is or can be 
utilized. 
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The following Examples are Illustrative of, 
but not in limitation of, the present inventi n. 
These Examples describe the preparation of coupled 
polyols, the use of coupled polyols in the 
preparation of polymer polyols and the preparation 
of polyurethane foams from such polymer/polyol s . 

DEFINITIONS 

As used in the Examples appearing below, 
the following designations, symbols, terms and 
abbreviations have the indicated meanings: 

"Theoretical molecular weight" of a polyol 
denotes a molecular weight calculated using the 
equation previously set forth based on the 
functionality of the starter used to produce the 
polyol and the experimentally determined hydroxy! 
number of the polyol. 

"Molecular weights" of polyols are number 
average molecular weights. 

"rpm" denotes revolutions" per minute. 

"g" denotes grams. 

"mg" denotes milligrams. 

"TDI " denotes toluene di i socyanate . 

"HMDI" denotes hexamet hylene di i socyanate. 

"MDI" denotes diphenylmethane 
4,4' -d1 i socyanate. 

"Desmodur W" denotes methylene 
bis(4-cyclohexyl i socyanate) • 

"VAZ0-64P" denotes 2, 2 ' - azobi s( 1 sobutyro- 

nitrile). 

"TMSN" denotes tetramethylsuccinonitri le. 
"pcf" denotes pounds per cubic feet. 
"Sor denotes solution. (=16 kg/m 3 ) 

"5" denotes solid. 
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M X" denotes percent by weight. 
%t" denotes weight. 
-Ratio" denotes weight ratio. 
"GPH" denotes gallons per hour.( c3f7 85 1/h) 
"cone." denotes concentration. 
"cks u denotes centistokes.( =ra m 2 /s) 
"cps" denotes centipoise.( =m Pa*s) 
"nr." denotes hour, 
"sec." denotes seconds, 
"calc." denotes calculated, 
"ppm" denotes parts per million. 
"T-12" denotes di butyl ti ndi 1 aurate. 
"Polyol I" is a polypropylene oxide triol 
(the designation of this and subsequent polyols as a 
"triol" or "diol" represents the nominal 
functionality based solely on the starter used; the 
actual functionality will be somewhat less) having 
about 10* external ethylene oxide content, a 
hydroxyl number of about 48 and a number average 
molecular weight of about 3300. 

"Polyol II" is a polypropylene oxide diol 
having about 15% external ethylene oxide content, a 
hydroxyl number of about 38 and a number average 
molecular weight of about 2800. 

"Polyol III" is a polypropylene oxide triol 
having about 14% internal ethylene oxide content, a 
hydroxyl number of about 47 and a number average 
molecular weight of about 3300. 

"Polyol IV" is a polyol produced from 
sorbitol and glycerine having an external ethylene 
oxide content of about 15%, a hydroxyl number of 
about 28 and a number average molecular weight of 
about 7100. 
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°Polyol V u 1s a polypropylene oxide triol 
having an external ethylene oxide content of about 
15%, a hydroxyl number of about 27 and a number 
average molecular weight of about 4400. 

"Polyol VI" is a polypropylene oxide triol 
having an internal ethylene oxide content of about 
14%, a hydroxyl number of about 24 and a number 
average molecular weight of about 5000. 

"Polyol VII" is a polypropylene oxide triol 
having an internal ethylene oxide content of about 
8%, a hydroxyl number of about 56 and a number 
average molecular weight of about 2800. 

"Polyol V 3 1 1 " is a polypropylene oxide 
triol having an internal ethylene oxide content of 
about 16.5%, a hydroxyl number of about 35 and a 
number average molecular weight of about 4000. 

"Polyol IX" is a polypropylene oxide triol 
having an external ethylene oxide content of about 
17%, a hydroxyl number of about 39 and a number 
average molecular weight of about 4200. 

"Polyol X" is a polypropylene oxide triol 
having an Internal ethylene oxide content of about 
10%, a hydroxyl number of about 50 and a number 
average molecular weight of about 3100. 

"Polyol XI" is a polypropylene oxide triol 
having an external ethylene oxide content of about 
15%, a hydroxyl number of about 35 and a number 
average molecular weight of about 4000. 

P0LYMER/P0LY0L PROPERTIES 

Filtration Hindrance (Fi 1 terabi 1 ity) 

This is determined by diluting one part by 
weight sample (e.g. - 470 grams) of polymer/polyol 
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with two parts by weight anhydrous isopropanol (e.g. 

- 940 grams) to remove any viscosity-imposed 

limitations and using a fixed quantity of material 

in relation. to a f ixed 2 cross-sectional area of 

screen (e.g. - ^S 6 sqT in.) such that about 200 

grams of product are passed by gravity through 150 * m 

30 urn cm^ 
or 700-mesh screen per one square inch of screen. 

The difference between the final and initial screen 

weights corresponds to the amount of polymer that 

did not pass through the screens. The 700-mesh 

screen is made with a Dutch twill weave. The actual 

screen used had a nominal opening of 30 microns and 

is described in Bulletin 46267-R of the 

Ronningen-Petter Company of Kalamazoo, Michigan. 

The }§8-mesh screen has a square mesh with average 

mesh opening of 105 microns, and it is a "Standard 

Tyler" 150 square mesh screen. The amount of solids 

that did not pass through the screens is reported as 

parts of solids per million parts of the original 

undiluted sample. The amount of sample which passes 

through the screens is reported in percent, a 

percentage of 100* being preferred. Trace solids 

will generally always be present, but a value of 

100S indicates that over 99 weight percent passes 

through the screen. 

Centrifugible Solids 

After stripping unreacted monomer, the 
polymer/polyol composition is centrifuged for about 
24 hours at about 3000 revolutions per minute and 
1470 radial centrifugal "g tt force. The centrifuge 
tube is then inverted and allowed to drain for 4 
hours. The non-flowing cake remaining at the bottom 
of the tube is reported as weight percent of the 
initial weight of the composition tested. To 
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provide a commercially satisfactory stable 
polymer/polyol , the solid should be less than about 
10%, preferably less than about 5%. 

PREPARATION OF COUPLED POLYOLS 
5 Unless otherwise indicated, the coupled 

polyols were prepared generally as follows. The 
polyol and catalyst were charged to a reaction flask 
equipped with a mechanical agitator and maintained 
under a nitrogen atmosphere. The polyol was 
continuously agitated and heated to about 80°C and 
10 then the diisocyanate was slowly added to the 

polyol. The reactants were maintained at a 
temperature of from about 70 to about 80°C for two 
to four hours after the addition of the diisocyanate. 
Thereafter, the product was cooled and stored 
15 without further processing. 

PREPARATION OF POLYMER/POL YOLS 
Unless otherwise indicated, the 
polymer/polyol s were prepared in a single-stage, 
continuous, back-mixed reactor having four internal 

20 equally spaced vertical baffles and equipped with a 

mechanical agitator. Two feed streams, one 
comprising a premix of the selected monomers and 
catalyst and the other comprising the polyol feed 
(the polyol feed consisting of base polyol and the 

25 coupled polyol) were added simultaneously through an 

in-line mixer to the reactor and agitated therein. 
The reactor was heated initially to a temperature of 
about 135°C and then the temperature was adjusted to 
that shown in the Examples. The feeds were 

30 continued for 90 minutes line-out before the product 

was collected. Product collected from the reactor 
was stripped at 130 P C with a nitrogen sparge and 
then cooled to 35°C. 
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FOAM PREPARATION 

Molded, water-blown, flexible polyurethane 
foams having an Index of 103 were prepared using 
polymer/polyols, 3.5 parts water and a poly i socyanate 
reactant comprising a mixture of tolylene 
diisocyanate and polymeric MDI at a weight ratio of, 
respectively, about 80 to 20. 

Standard foam formulations comprising 
polymer/polyol, tin catalyst, surfactant, water and 
amine catalyst were converted to polyurethane foams 
using the following procedure. The polymer/polyol, 
tin catalyst and surfactant were charged to a 
gallon paper container and mixed at 4000 rpm for 30 

6 3 i 5 mm 

seconds with a 2.5 inch 6-blade turbine stirrer 

(placed one inch above the bottom of the container). 

Water and amine catalyst were added and mixing 

continued for an additional 55 seconds. Stirring 

was stopped for 25 seconds to de-gas. The 

polyisocyanate reactant was added and mixing 

continued for 5 seconds. The foaming mixture was 

381 x 381 x 114 mm 
poured quickly into a 15 inch x 15 inch x 4-1/2 inch 

49 °c 

aluminum mold (mold temperature of about 120°F) 
1 , 6 mm 127 mm 

having four 1/16 inch vent holes drilled 5 inches 

diagonally from each corner in the lid. The mold 

was clamped and the foam was allowed to rise and 

gel. The foam was demolded after 8 minutes. 

EXAMPLES 1-4 
These Examples illustrate the preparation 
of coupled polyols utilizing Polyol I (Examples 1 
and 2), and mixtures of Polyols I and II (Examples 3 
and 4). Tolylene diisocyanate was the polyisocyanate 
used in each Example. 



12895 



0076491 

- 39 - 



The specific process parameters used and 
the properties of the coupled polyols are set forth 
in Table I: 

TABLE I 



Example No. 


1 


2 


3 


4 


Polyol I, gm 


1 7561 


17420 


8274 


6506 


Polyol II, gm 






8274 


6506 


Temperature, °C 


75-80 


75-80 


75-80 


75-80 


Tolylene d1 i socyanate, 








gm 


439 


580 


452 


4 73 


Time to feed TDI, hours 


0.5 


0.75 


1 


0.25 



Mole ratio polyol: TDI 
T-12 catalyst, ppm 
Temperature, °C 
Time, hours mm 2 /s 
Viscosity, cks at 25°C 

after 1 hour 

after 2 hours 

after 4 hours 
Final analysis 

Hydroxyl No., mg 
KOH/gm 

t heoret ical 

Acid No., mg KOH/gm 

Viscosity, cks m^/s 
at 25°C 

at 130°F 54 °c 
at 210°F 99 °c 

.Primary hydroxyl, % 

Functional ity, 
theoretical 

Molecular weight 



2.10:1 3.16:2 
20 * 20 
75-80 75-80 



2.10:1 3.16:2 



4555 
4542 



16653 
16325 



20 
75-80 
3 

7518 
7589 



20 

75-80 
4.5 

26874 
28943 
28265 



32.3 


26.5 


24.7 


20.3 


31 .4 


25.9 


24.9 


19.1 


0.02 


0.06 


0.04 


0.02 


4603 


16325 


7539 


27200 


942 


3034 


1516 


4770 


217 


638 


34 7 


1004 


48.3 


47.2 


52.4 


45.2 


3.6 


4.3 


2.6 


2.9 


6253 


9103 


5905 


8014 



EXAMPLES 5-7 
These Examples illustrate the preparation 
of coupled polyols using polyi socyanates other than 
tolylene di i socyanate . The specific process 
parameters used as well as the properties of the 
resulting coupled polyols are set forth in Table II: 
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TABLE II 



Example No. 


5 


6 


7 


Polyol : Type 


VII 


VII 


VII 


gm 


3696 


3641 


3648 


Isocyanate: Type 


HMO I 


Desmodur W 


MDI 


Mole ratio, polyol: isocyanate 
Temperature, 6 C 


2.1:1 


2.1:1 


2.1:1 


70 


75 


75 


T-12 catalyst, ppm 
TemDer ature • °C 


20 


20 


20 


80 


80 


80 


Time, hours mro 2 /s 


4 


7 


3 


Viscosity, cks at 25°C 








After 1 hour 


3150 


4590 


5785 


3 hours 


3485 




5754 


4 hours 


3485 


4980 




7 hours 




5090 




Final analyses 








Hydroxy! No., rag KOH/gm 
Theoretical 


37.5 


37.0 


37.9 


38.2 


37.7 


37.7 


Acid No., mg KOH/gra 


0.02 


0.01 


0.06 


Color, °Pt-Co 


20 


20 


20 


Viscosity, cks mm 2 /s 
At 25°C 








3468 


5098 


5724 


40°C 


1429 


2009 


2224 


130°F 54 «c . 
Functionality, theoretical 1 


932 


998 


1094 


3.7 


3.7 


3.7 


Molecular Weight 


5535 


5610 


5477 



1. Assumes- a functionality of 2.9 for Polyol VII and 
an isocyanate purity of 100S. 

EXAMPLES 8-18 

These Examples illustrate the preparation 
of polymer/polyol s utilizing the present invention 
and, for comparative purposes, polymer/polyol s made 
with a blend of Polyol III and particular high 
molecular weight polyols. No comparative example is 
set forth using Polyol III by itself since, under 
the conditions set forth herein, a stable polymer/ 
polyol could not be prepared. 

Examples 8-15 illustrate the preparation of 
polymer/polyol s using a polyol mixture of Polyol III 



12895 



0076491 



as the base polyol and coupled polyols from prior 
Examples at a weight ratio, respectively, of 85 to 
15. Examples 16-18 are illustrative of 
polymer/polyol s made from blends of Polyol III and 

5 the indicated high molecular weight polyols (made by 

conventional techniques) in the same weight ratio 
used for Examples 8-15. 

The specific process parameters as well as 
the properties of the polymer/polyol s are set forth 

10 in Table III: 



12895 



0076491 



(u nnono>t - «-u"»cm — ceo*— ocmc^&u" o«s-o* 

_ — UD • Lfl — . O r*> ^ »— m <"> O • « • CD • r«. u"» O O - 

— > o\ v tr^ >cc ^-*o«*«vnoco-«rve« — •— 

• — CM CM -CM CV »-»-O0DO><DO>« , 1p-N 

— O ru •— — 

cm cm c«» i noN 6 trc^eor<.o(s,iftio»->(^oo»nO' 

_ :>• #— • o .00 noev.ru— • • . %o i>»-Of\(Of 

— v*C vo m v • < . ttnooc #rt«c •»- 

— v oj cn* • e\i cm — — ooo»eoc>n'-'-" 



— O Cm 



cvi torn ttncMCMCM -.^tfivinOinnn-t 
» > c» ■ m • ^- ic 

— •— • co vour*r • 

— CM CM • CM 

O CM 



O O tr> in—- • . • « — O — O 



iX) I m ■ *r r-». co w • «— to ♦ * . cm co o « in •— 

1 - cm «— ooacacDC7iricMC3 



mNMrHtnoDOtmo^Otnonfie 
^CM*n^^ • • • • *r o o vo c> «— 
*a • • . cm cc vo .too* — 



so o O o ino o 
•— » — • cr> co • O 

• to r "*» o ^» «p *c • - — 

— xmnm cm • cm cm ^r-ooffleDO»n^t 

ui — © CM 



m «n in a «; ^ o <c 
«*> • «c co • — in 



mf .mr«»*3-rs.<», <r. #— 10 . . . vOfl) .woco 

— — xwnn cv. « cm cm — — o©caojo« — «« 

... — O CM 



<9 . o cm mm«— • • *m . vo O o — > O 



• O CM 

CM I *— ■ CM CM CD CO «ff v ' 

— I — x vo m CV. • CM 

LU "OCX 



8<n«M<«rcn oajmMnovrn— rv.eD03NOnpf*» 

r*. - o» mm — • * • co • o cm o n o — 

—I — tOOCgOov - ~ ~ — — — ~ — 

j •— X CDCNjr-««— CM-CM 

Ui CM O CM 



iOOCVjOcv 

— 1 cvi r-» «— cm -cm cm o eo co co cn n CM»n 



ninrv wnO- O 
— O inn • — vc 

■— KWKWfv. CM -CM 
UJ O CM 



— C • CM — • — VC cm CM IT. in — • • -CO -Ors-OCjOw 

— » « — «3n ow « . • • cm co vp • in ^ * — — 

— x»cv«o*- cm • cm cm — — ©cocoeoo>c-»CM««r 



— nnr, o O O -«r O — mroc-icncnmeoinOOioOvOO- 

— m « O in • — m 0 in cm — — — • . « *n • vo *r O cm o — 

— • CM 'CM rvtf.V « — O - - « c-» — P» • *0 C • — — 

— k v cm • cm O cm «— •— O cwcjorii-^ 



«x c 

(0 u — 

to o. ob oonco *"c 

CL • w «c 

C= VO — C C U VI 

o e or e o 

c 0 a a c. "C 3 

-r- i- o. 1- c c; c 

«o - — CV u o -* ^ 

■q ^ in V! • «^ - "O C 

CO S a»< t. m -e: cj <c o — w 

^"«at3 * ^n, . 3 t_ 3 u C*» 

CO O CJ — C X OOV/OU — 



E — o c -x 



V- V» U V» 



> w c; ft; w - «3 i_> OO wo 

e «o w x a> vc • u • x X — 

O o»*«*o*'w >, <o — xwuvn C w 

cw ^or— OO w ce - > — >»*^ x — c 

~ U <UUW CO «l 1- * » w — ^ CJ 

. — -J O — • X *"»* L. — X W W 0> 

X — ^2 -«•- w <u XI ft/ » — -"O E *° CJ O CJ O "C c 

• O* u » o j — v. cj I- X c <u a) >n en >E w E<" *°0 

w — w cno a OJ — E u_ — • xoCc^3^->>w» E u 

«CEvno»-X - t- ov-^-w— o— =woO O 

Is o» CMwawcu w & c o > »sVaho* — •** o — >» 

COW 4>-w »Q lO C Q/O— ftJ.OwCJ^OC >> 

<o 3 o <o - 1- • t O w • >^ 1- 2: < crt O E — CJ 

cj — x a> a> • c — «3 o v- »/» or 

v. «— 3 i_ >>u dUN >v u -T — ft; >v ca; 

3 e u « — 3 e c < u <<^»- ■ ~ 

w ^(1 — a*— w Cvi O > U T3 > « 



— O O «J o c — * &> » -- o <— — o»— — Ci 
X X V V l> UX Co. w u. — — O — V 3 A O. >> 

o.*— T3 »n o v u o «^ a. >»•— w <a ~ 

— — — VCftl — «} D V. KH-— V. CC 

o «a cru— 2: n > O — ' I E o oe-o O - C J( L ID oc 

>S«0— >> l_» O O — >v O — > <OUOww 

— CJ= »• <»N C w — C «» C wTJOC — 

O OGj<CO d OCO O O >, U q/ — . . 

cx cl. cx ^ x oc axa vj = cao w ^- 



12895 



- 43 - 



0076491 



The centrif ugibil ity of the polymer/polyol s 
was determined in accordance with the procedure set 
forth above. Similarly, the f i Iterabi 1 ity of the 
polymer/polyol s was determined as set forth above 

5 using 200 gms of unstripped sample diluted with 400 

grams of anhydrous isopropanol and screens 2 each 
having an area of about 1.8 square "inches"! 

As can be seen from the above results, the 
polymer/polyols made 1n accordance with the present 

10 invention tend to have lower centrif ug i ble solids 

levels than the polymer/polyols utilizing polyols 
made by conventional techniques. Moreover, such 
conventional techniques would be expected to result 
in diminution of the functionality of the 

15 polymer/polyols (in contrast to the functionality of 
the polymer/polyols made pursuant to the present 
invention) which could well adversely affect certain 
physical properties, such as static fatigue, in 
derived polyurethane foams. 

20 EXAMPLE 19 

This Example illustrates a relatively large 

scale production of coupled polyol formed by the 

reaction of 2 moles of Polyol XI with 1 mole of 

tolylene dii socyanate. 

378,5 1 

25 A 100-gallon, glass-lined, steel reactor, 

... , 6X0 mm 

equipped with a three-blade, retreat-curve, 24-inch 
diameter impeller was used. This was operated at 
190 rpm to agitate the feed, 828 pounds of Polyol XI. 
The polyol was heated to 70°C-80°C under a nitrogen 
30 atmosphere. Tolylene diisocyanate was next added to 

the reactor through a pump rated at 9.8 GPH at a 

10 kg 

rate such that 22.0 pounds of the isocyanate was 
charged within 45 minutes. Then 7.7 gm of T-12 
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catalyst, equivalent to 20 ppm, were added; and the 
reaction temperature increased from 73°C to 79°C. 
The reaction temperature was maintained at a 
temperature of about 77-78°C for 2.5 hours. The 
reaction product was then cooled and stored. 

The coupled polyol thus prepared had a 
hydroxyl number 2 of 32.8 mg KOH/gm, a viscosity at 
25°C of 4840 c^s / lnd a functionality of 3.9. 

EXAMPLES 20-28 
These Examples illustrate the preparation 
of coupled polyols following the procedure set forth 
above using tolylene diisocyanate and Polyols VIII, 
IX and XI at various mole ratios of polyol to 
isocyanate. The reaction parameters and coupled 
polyol properties are set forth in Table IV: 
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Since all of the polyol to isocyanate 
rati s used are 1n excess of 2:1, unmodified polyol 
molecules will be present as well as coupled polyol 
molecules. As can be seen, as such ratios increase, 
the relative amount of unmodified polyol molecules 
likewise increase; and the viscosity of the mixture 
decreases. 

EXAMPLES 29-40 

These Examples illustrate the comparison of 
polymer/polyols made only using Polyol VIII with 
polymer/polyols made in accordance with the present 
invention at acrylonitri le to styrene ratios ranging 
from 50:50 to 30:70. 

The reaction parameters and resulting 
polymer/polyol properties are set forth in Table V: 
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FOOTNOTES TO TABLE V 



1. Based on a 2:1 mole ratio of Polyol to TDI. 

2 This is the product obtained by multiplying the vt.S coupled polyol 
in the reaction product by the vt.Z of the coupled polyol reaction 
5 product . 

3. The catalyst is azobis(isobutyronitrile) . 

k Determined according to the procedure described above using a 200 gram 
unstripped sample diluted vith 1*00 gra^s of anhydrous isopropanol and 
screens of 1.8 square inches. H,& cm 
in 5 This example is included for sake of completeness. The results are not 
considered representative in viev of the results shown in Examples 38 
and hO. 

6. Estimated from monomer feed and expected conversion. 
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Samples of polymer/polyol prepared in 
Examples 29-40 were molded Into flexible polyurethane 
foams 1n accordance with the procedure previously 

5 described. All foams were tested for combustibility, 

according to MVSS-302, and all foams passed the 
.standards required. Foams samples prepared from 
polymer/polyols made in accordance with the present 
invention (viz. - Examples 38 and 40), when diluted 

10 to a polymer content of 16 wt.% by addition of 

further base polyol, did not even burn to the f-1/2 
inch bench mark prescribed by MVSS-302. 

With regard to the properties of the 
polymer/polyols set forth in Table V, the 50 

15 acrylonitrile: 50 styrene polymer/polyols of 

Examples 30 and 31 exhibit decreased centrif ugible 
solids levels relative to the control, the polymer/ 
polyol of Example 29. A comparison of the 40 
acrylonitrile:60 styrene polymer/polyol control, 

20 N Example 34, with the polymer/polyols of Examples 
35-37 shows the tendency of increasing amounts of 
the coupled polyol in improving the f i lterabi 1 i ty 
and centrif ugible solids level. 

EXAMPLES 41-50 

25 These Examples illustrate the preparation 

of coupled polyols by the in situ method previously 
described and the use of the resulting coupled 
polyol reaction product in forming polymer/polyols 
without further dilution. 

30 4 The reaction parameters and properties of 

the polymer/polyols are set forth in Table VI: 
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FOOTNOTES TO TABLE VI 



1. Based on a mole ratio of polyol: isocyanate as set forth in Table IV. 

2. This is the product obtained by multiplying the vt.Jf coupled polyol in 
the reaction product by the vt.Z of the coupled polyol reaction product. 

5 3. The catalyst is azobis(isobutyronitrile) . 

h. Determined according to the procedure described above using a 200 

gram unstripped sample diluted vith hoo grams of anhydrous isopropanol 
and screens of 1.8 square inches.. 11,6 cm2 

5. Measured. 

10 6. Estimated from monomer feed and expected conversion. 
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Samples of polymer/polyol prepared in 
Examples 41-50 were molded into flexible polyurethane 
foams in accordance with the procedure previously 
described. All samples were then tested for 
combustibility as described in conjunction with 
Examples 29-40. All samples met the standards 
.required. The samples made from the polymer/polyols 
of Examples 46 (diluted to reduce the polymer 
content to 21 wt.JC), 47 and 50 did not even burn to 
the l^f/^inch bench mark prescribed. 

A comparison of the viscosities of the in 
situ produced coupled polyols with the viscosities 
of the coupled polyol reaction products made in 
prior Examples (diluted to the same coupled polyol 
level) show the tendency for somewhat lower 
viscosities obtained with the in situ technique. 
Further, the reduction in polymer content to about 
20 wt.< (in comparison to the higher level in 
Examples 20-29) allowed preparation of 
polymer/polyols of quite satisfactory stability at 
acrylonitrile to styrene weight ratios ranging from 
50:50 to 30:70.'- 

EXAMPLE 51 

This Example illustrates the preparation of 
a polymer/polyol with a relatively high polymer 
content. 

The reaction parameters and properties of 
the polymer/polyol are set forth in Table VII: 



12895 



0076491 

- 53 - 



TABLE VII 

Example No. 51 
Base Polyol Blend: 

Base Polyol Type X 

5 Base Polyol wt.X 93 

Coupled Polyol Reaction Product Ex. 19 

wt.« 7 

Wt.X Coupled Polyol in reaction product^ 95.2 

Wt.Z Coupled Polyol in B.lend 2 6.7 

10 Brookfield viscosity at 25°C, cps mPa-s 553 

Calc. Hydroxyl No., mg KOH/gm 49.3 

Reaction Temperature, °C 125 

Catalyst cone, wt.X of total feed 3 0.50 

Monomer + catalyst, wt.< of total feed 34.41 

15 Ratio of Acrylonitrile/Styrene (wt/wt) 72/28 

Polyol feed rate, gm/hr. 1828 

Monomer + catalyst, feed rate (gm/hr) 959 

Residual: Acrylonitri le, wt.3! 1.29 

Styrene, wt.i 0.15 

20 TMSN, wt.X 0.17 

Conversions: Acrylonitri le, wt.S 94.8 

Styrene, wt.< 98.2 

Combined, wt.X 95.7 

Total Polymer, wt.t, by calc. 33.48 

25 Hydroxyl No., mg KOH/gm 32.77 

Brookfield Viscosity at 25°C, No. 3 spindle/ 

12 rpm, cps mPa * s 2840 

Centrif ugible Solids, wt.X 4 7.89 
Filterability, 150 mesh, S through screen<io& um] 00 
30 700 mesh, % through screen < ^ 1 00 

1. Based on a 2:1 mole ratio of polyol to TDI. 

2. This is the product obtained by multiplying the 
wt.X coupled polyol in the reaction product by 
the wt.2 of the coupled polyol reaction product. 

35 3. The catalyst is azobi s( i sobutyroni t ri le) . 

4. Determined according to the procedure described 
abave using a 200 gram unstripped sample diluted 
with 400 grams of anhydrous isopropanol and 
screens of 1.8 square inches. 
11,6 cm 2 

40 As can be seen, the polymer content of the 

polymer/polyol is calculated to be over 33 percent 
by weight, the filterability characteristics are 
excellent and the centrif ugi ble solids level 
acceptable. 
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Thus, as has been seen, the present 
invention provides a method for preparing stable 
polymer/polyols by a facile synthesis not requiring 
any substantial economic penalty. Utilizing this 
invention, polymer/polyols can be made with 
extremely high polymer contents for use in 
applications requiring high load capabilities.- 
Further, stable polymer/polyols can be prepared 
which are capable of conversion to virtually scorch- 
free, slab-stock foam at densities lower than 1.75 
pounds per cubic foot. Indeed, employing some 
formulations, polyurethane foams can be made that 
satisfy even highly rigorous interpretations of 
desired combustibility resistance, as determined by 
MVSS-302, the standard for foam used in motor 
vehicle applications. 

The desirability of the present invention 
resides in the fact that such facile preparation of 
stable polymer/polyols is achieved without the need 
to resort to the inclusion of materials likely to be 
harmful to desired polyurethane characteristics. 
More specifically, the formation of the coupled 
polyols utilized in this invention simply carries 
out reactions that would eventually occur upon 
conversion of the polymer/polyol to a polyurethane, 
reordered in a time sequence to achieve the 
considerable benefits described herein. This is in 
marked contrast to prior techniques which either do 
not allow a facile preparation of the polymer/polyol 
in the first instance, or require the inclusion of 
materials that will impart adverse effects when such 
polymer/polyols are converted to polyuret hanes. 
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WHAT IS CLAIMED IS : 

1. A normally liquid, stable 
polymer/polyol composition formed by polymerizing, 
in the presence of a free radical catalyst, (1) from 

5 about 10 to about 50 weight percent of a mixture of 

acryloni tri le and an et hylenical ly unsaturated 
comonomer or comonomers in a weight ratio, 
respectively, of from about 80:20 to about 20:80, 
dissolved or dispersed in (2) from about 50 to about 

10 90 weight percent of a. polyol mixture comprising (a) 

a base polyol having a number average molecular 
weight of at least about 500 and (b) a coupled 
polyol consisting essentially of the reaction 
product of a polyol having a functi onality in excess 

15 of 2 reacted with a poly i socyanate in such 

proportion that the ratio .of hydroxyl groups to 
isocyanato groups is greater than 1, the coupled 
polyol being present in an amount sufficient to 
stabilize the resulting polymer/polyol . 

20 

2. The polymer/polyol composition of 
claim 1 wherein styrene is the comonomer and the 
weight percent of the mixture of aery loni tri le and 
styrene is in the range of from about 30 to about 40. 

3. The polymer/polyol composition of 

25 claim 2 wherein the weight ratio of acrylonitri le to 

styrene is in the range of from about 80:20 to about 
50:50 , preferably in the range of from about 

^0:60 to 20:80, especially in the range of from about 

30:70 to 20:80. 
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4. The plymer/polyol composition of 
claim 1 to 3 wherein the base polyol is a 

poly (oxypropylene)polyol, preferably having a 
nominal functionality in the range of from about 3 
5 to about 4 and a hydroxyl number of from about 25 to 
about 70. 

5. The polymer/polyol composition of 
claim 1 to 4 wherein the polyol reacted with the 

10 polyisocyanate to form the coupled polyol has a 
functionality in the range of from about 2.5 to 
about 4. 

6. The polymer/polyol composition of 
15 claim 5 wherin the polyisocyanate is toluene 

diisocyanate. 

7. The polymer/polyol compositon of 
claim 1 to 6 wherein the ratio of hydroxyl groups to 

20 isocyanato groups "is 2:1 or greater, 

8. The polymer/polyol composition of 
claim 1 to 7 wherein the coupled polyol, based upon the 
total weight of the base and coupled polyols, is 

25 present in an amount of from about 5 to about 50 
weight percent with the mole ratio of the polyol 
constituent of the coupled polyol to the 
polyisocyanate being about 2:1. 

30 9. The polymer/polyol composition of 

claim 1 to 8 wherein the polyol reacted with the 
polyisocyanate is identical to the base polyol. 
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10. A process for producing th normally 
liquid, stable polymer/poly ol composition as claimed 
in claim 1 to 9 which 

comprises: (a) providing a polyol mixture 
5 comprising (1) a base polyol having a number average 
molecular weight of at least about 500 and (2) a 
coupled polyol consisting essentially of the 
reaction product of a polyol having a functionality 
in excess of 2 reacted with a polyisocyanate in such 
10 proportion that the ratio of hydroxyl groups to 

isocyanato groups is greater than 1, (b) dissolving 
or dispersing from about 10 to about 50 weight 
percent of a mixture of acrylonitri le and a 
comonomer or comonomers ia a weight ratio, 
15 respectively, of from about 80:20 to about 20:80 in 
from about 50 to about 90 weight percent of said 
polyol mixture, and (c) polymerizing the mixture of 
acrylonitri le and styrene dissolved or dispersed in 
said polyol mixture in the presence of a free 
20 radical catalyst, said coupled polyol being present 
in an amount sufficient to stabilize the resulting 
polymer/polyol . 

n. The process for producing the normally 

25 liquid, stable polymer/polyol composition of claim 10 
« 

wherein said coupled polyol is formed in situ in the 
base polyol by addition thereto of an amount of said 

polyisocyanate sufficient to form the required 
proportion of coupled polyol prior to step (b). 
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1?. The process for producing the normally 
liquid, stable polymer/polyol composition of claim 11 
wherein the coupled polyol is present in an amount 
of from about 5 to about 50 percent, based upon the 
total weight of the base and coupled polyols. 

13. A method for producing a polyurethane 
foam by reacting and foaming a mixture comprising 

(a) the polymer/polyol composition claimed in claim 
l-2»(b) an organic polyisocyanate, (c) a catalyst for 
the reaction of (a) and (b) to produce the 
polyurethane, (d) a blowing agent and (e) a foam 
stabi 1 i zer. 

14. A method as claimed in claim 13 

wherein the foam is a flexible foam, the reaction 

and foaming are performed by the one shot technique, 

the polymer/polyol composition is as claimed in 

claim4 , the blowing agent is water and the water is 

used in an amount to provide a foam having a density 
11,6 kg/m3 

of about 1.75 pounds per cubic foot or less. 

15 . A method as claimed in claim 13 
wherein the organic poly i socyanate is a mixture of 
toluene diisocyanate and polymeric MDI. 

16 . A method for producing a polyurethane 
elastomer by reacting a mixture comprising (a) a 
polymer/polyol composition as claimed in claim 1 to 9 and 

(b) an organic poly i socyanate, in the presence of a 
catalyst for the reaction of (a) and (b) to produce 
the polyurethane. 



